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ABSTRACT 
Mangrove forest is important ecosystem in coastal zone area. Mangrove forest, which is famous as a 
green belt or mangrove belt, except providing the habitat for wide range species, source of food and 
forestry product is also, protects the properties, infrastructure, lives and productive economic activity 
on coastline from wave and storm energy, which is the major caused of erosion process in coast. 
Mangrove belt is also proved to be a good natural barrier against tsunami. During the tsunami disaster 
in Indonesia, at December 26th 2004, an area, with extensive mangrove tree, were far less badly hit 
than places where the mangroves had ripped out and replaced by beachfront hotels and prawn farms. 
Mangrove trees have an intricate root system. It develops anchor or props for mangrove trees to stand 
up against the wave, wind and current. And it gives a roughness to bottom sea, so the wave celerity is 
reduced. By using a Delft-3D-Flow program, the effect of mangrove belt in reducing tsunami wave 
height could be simulated. The result is one hundred and twenty eight wide of mangrove belt, with 
density three trees per one meter square gives maximum twenty six percent of wave height reduction 
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1. INTRODUCTION 
 
Mangrove forest is important ecosystem in 
coastal zone area. Except providing the habitat 
for wide range species, source of food and 
forestry product, mangrove forest ecosystem is 
also protects the properties, infrastructure, lives 
and productive economic activity on coastline 
from wave and storm energy (Baan, 1997).  
Wave energy causes coastal erosion. Some 
man-made structures, such as breakwater, groin 
and seawall can help in reducing the erosion 
along the coast. But it takes a big investment to 
construct. For sub tropic and tropic climate 
country, the use of mangrove as a natural 
protection for coastal zone area should be 
considered. 
The effectiveness of mangroves forest as 
coastal protection from erosion has proven by 
some site investigation. As waves travel through 
the mangrove tree, their energy will be reduced.  
Mangrove forest also proved to be a good 
natural barrier against tsunami. During the 
tsunami disaster in Indonesia, at December 26th 
2004, place with extensive mangrove trees were 
far less badly hit than places where the 
mangroves had ripped out and replaced by 
beachfront hotels and prawn farms (WWF 
International Report, 2005). 
The geological position of Indonesia is very 
critical. Indonesia is located at the meeting point 
of the world’s three main plates: Eurasia, Pacific 
and Indo-Australia. Between these three plates, 
there are micro plates, which always move and 
interact with each other. The consequence of 
this geological position is the occurrence of 
areas that have a big probability to undergo a 
disaster. 
As a result of being a world plate meeting 
point, Indonesia has a lot of volcano and 
earthquake activities. Indonesia is also famous 
as “ring of fire”.  Almost 70% of tectonic activities 
happen undersea and one of the results is the 
occurrence of tsunami. From 1900 until 2004, 
Indonesia already faced tsunami disaster in 18 
times. This could be happen again.  
Based on the facts that the area with an 
extensive mangrove tress has less damages and 
victims, Indonesia government is planning to 
rehabilitate the mangroves forest along the 
Indonesia’s coastline. Although the effectiveness 
of mangrove forest in reducing wave energy has 
not been proven yet by quantitative. But, with the 
assumption that wave height will reduce in 
gentle coastal slope and rough seabed, we can 
make a rough estimate based on the behavior of 
mangrove forests.  
Mangrove forests have an ability to catch 
sediment. The trapping of sediment in mangrove 
forests will shape more gently sloping coasts. 
Another consideration is the mangrove tree 
itself. The intricate root system will stabilize the 
mangrove tree. This unique system has an 
ability to act as a barrier when waves are 
approaching the coastline. Waves will break and 
reduce their energy, as well as in rough bed 
coast. With this characteristic of mangrove, the 
possibility of mangrove forest in reducing a 
tsunami wave could be taken into consideration. 
 The scope of study will focus on the 
effectiveness of mangrove belt in reducing 
tsunami wave height. By applying a schematized 
set-up of the Delft3D-FLOW program, with the 
input parameters; wave height, coastal slope 
and roughness of coastal bed, the variation of 
wave height in every density and extent of 
mangrove forest will be evaluated. 
 
2. METHODOLOGY 
 
Delft 3D Flow is part of Delft3D software that 
built by Delft Hydraulics. Delft 3D Flow is 
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hydrodynamic simulation program that calculates 
non-steady flow and transport phenomena 
resulting from tidal and meteorological forcing on 
a curvilinear, bounded fitted grid.  
To simulate the effect of mangrove belt, 
some input parameter is needed; grid, depth and 
roughness coefficient.  The information about 
tsunami parameter is shown at table 1. as follow 
 
Table 1 Parameter Of Sumatra Tsunami 
Source: USGS 
 
A.  Grid Model 
Based on the fact, the closest point of 
tsunami generated was at distance 120 km from 
the coast with depth 1 to 10 km. Assume that 
landward had slope at 1% and length at 200 
kilometers.  Another assumption, at zero depth 
to seaward, there will be a mangrove tree.  
From the information above, to model the 
tsunami wave propagation, single major grid is 
use as boundary area. The grid then divided into 
266 small grids, as an observation point. Near 
the landward area, the grids become denser, in 
order to make a wave propagation observation 
when travel through mangroves more clear.    
 
B. Depth 
Since the depth which tsunami generated 
about 10 km, it was difficult to make a 
continuous slope from the coastal to the 
generated point with 266 grids.  
The continuous slope stopped at the depth of 
500 m, for the rest we make a rough 
interpolation until reach depth of 10,000 m. For 
each slope the located of depth 500 meters as 
follow: 
 
Table 2 Distance Of Depth Point For Each Slope
  
 
 
 
 
 
 
 
 
 
 
 
C.  Roughness Coefficient 
Some study had already proved that 
vegetation is effective in reducing the land 
erosion problem. The flow velocity will be reduce 
when the roughness coefficient of the bed also 
reduce. The well know Chezy formula is: 
      
(1) 
 
where ǌ is depth average velocity (m/s), i is 
water level slope, R is hydraulic radius (m) and 
C is Chezy value which represent the hydraulic 
roughness of bed and banks of channel.  
According to Baptist (2005), the 
representative Chezy roughness of non-
submerged vegetation can be count with this 
following formula: 
 
(2) 
where Cb is Chezy bed roughness coefficient 
(m1/2s-1), g is gravitational acceleration (ms-2), CD 
is drag coefficient, m is cylinder density per unit 
area( m-2), D is diameter of cylinder (m) and h is 
water depth (m) which should be less than 
vegetation height. With this equation, the 
roughness of the coastal bed with mangrove can 
be count. From the data that mangrove density 
in Indonesia coast are vary from 146 tress up to 
5344 trees per hectare. It means that every 
meter square contain 0.0146 to 0.5344 trees. 
Assumed that for the rehabilitation project the 
density of mangrove plan to be 1 up to 3 trees 
per square meter. The diameter of tree is 15 
centimeters and water level is 2 meters.  
Drag coefficient of vegetation, according to 
Chad Dunn and Fabian Lopez from Ven Te 
Chow Hydro systems Laboratory, in open 
channel line with rigid cylinders, the bulk drag 
coefficient is 1.13 +/- 0.2 and is not dependent 
with flow condition. For this calculation, assume 
that drag coefficient is 1.15. Since the coastal 
bed contains of sand with Chezy coefficient 
value equal to 65, the representative Chezy 
coefficient for mangrove tree become as follow: 
 
Table 3 Representative Chezy Coefficient For 
Mangrove 
 
 
 
 
 
 
 
 
Date 26 December 2004 
Local Time 06:58:50 
Latitude/Longitude 2.267oNorth/95.821o 
E tDepth 10 km 
Magnitude 9.0 
Locality 255 km SE of Banda 
A h N th S tWave travel time 10-15 minutes 
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For density 3 trees per square meter, the 
value seems too low for this case. For simulation 
purposes, the representative Chezy coefficient 
value 40, 20 and 10 used to see the difference of 
tsunami wave height properties. 
 
D.  Simulation Arrangement 
 To get the better result of mangrove belt 
effect in reducing tsunami wave height, the 
simulation is arrange in two different conditions; 
without mangrove belt, where Chezy value is 65, 
and with mangrove belt, with Chezy value is 
varies from 40 to 5. 
Slope of sea bed also included in simulation, to 
find out effect of slope to tsunami wave height. 
  
3. RESULTS 
 
A.  Result of Non-Mangrove Belt Model 
The observation points for each slope model 
are grid number 254, 260, 261, 262, 263, 264, 
265, 266.  For grid number 254, the level of bed 
slope is zero. For grid number 260 to 266 will 
show the run up level for each slope. Result for 
each point observation is as follow: 
 
                     Table 4 Water Level At Zero Level  
       (Grid No. 254) 
 
 
 
 
 
 
 
 
Table 5 Maximum Water Level At Landward 
 
 
 
 
 
 
 
 
Note: number with shade is the maximum run-up 
 
 
Figure 1 show the wave height for different slope 
condition.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Water level and run-up at landward 
 
From table 4 and 5, water level at slope 1:50 is 
the highest.  At steep slope, such as 1:20, the 
water level is 9 m. Comparing with other gentle 
slope like 1:100, the water level at slope 1:20 is 
the minimum. It seems to be confused, that more 
gentle the slopes, the water level should be 
reduce. 
See the comparison of each bed slope in the 
figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Bed slope comparison 
 
Respectively, from the upper, first line is for 
slope 1:200, 1:100, 1:50 and last 1:20.  
Theoretically, more gentle the bed slopes, the 
wave height will reduce, if the bottom friction 
factor not take into consideration. But if the 
bottom friction take into consideration, more 
width the friction area between water surface 
with sea-bed, the wave height will increase 
gradually. At slope 1:20, the friction area 
between water surface is less than slope 1:50. 
Water level in slope 1:50 higher than 1:20, and 
then gradually reduce in 1:100 and 1:200, 
because the slope is become more gentle even 
though the bottom friction area more width.  For 
tsunami, the area with bed slope around 1:50 
might be become critical zone.  
 
B.  Result with Mangrove Belt 
 Mangrove belt is placed from grid 248 to 
253. The distance between those grids is around 
128 m.  The depth at point 248 shows in table 6. 
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Slope Depth (m)
1:20 6.4
1:50 2.56
1:100 1.28
1:200 0.64
1:20 1:50 1:100 1:200
Without mangrove 9.00 11.00 10.00 7.00
Mangrove C=40 9.00 11.00 9.40 6.90
Mangrove C=20 8.75 10.75 9.25 6.60
Mangrove C=10 8.25 9.75 8.50 6.20
Mangrove C=5 7.25 8.25 7.90 5.00
SlopeType of bed
1:20 1:50 1:100 1:200
Without mangrove 0.00% 0.00% 0.00% 0.00%
Mangrove C=40 0.00% 0.00% 1.05% 1.43%
Mangrove C=20 2.78% 2.27% 2.63% 5.70%
Mangrove C=10 8.33% 11.36% 10.53% 11.43%
Mangrove C=5 19.40% 25.00% 21.00% 28.57%
Type of bed Slope
1:20 1:50 1:100 1:200
Without mangrove 11.80 15.25 13.60 9.30
Mangrove C=40 11.75 15.00 13.50 9.25
Mangrove C=20 11.40 14.25 13.05 8.75
Mangrove C=10 10.55 12.75 11.60 7.55
Mangrove C=5 10.00 12.40 10.00 7.25
Type of bed Slope
1:20 1:50 1:100 1:200
Without mangrove 0.00% 0.00% 0.00% 0.00%
Mangrove C=40 0.42% 1.63% 0.73% 0.54%
Mangrove C=20 3.38% 6.55% 4.04% 5.91%
Mangrove C=10 10.59% 16.39% 14.70% 18.81%
Mangrove C=5 15.25% 18.68% 26.47% 22.04%
Type of bed Slope
                    Table 6 Depth At Grid No. 248 
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This is reasonable, mangrove tree could 
growth and reach 10 m high. The result from the 
simulation, in the zero depth point (grid no. 254) 
show in table 7. 
 
 
 
 
Table 7 Maximum Water Level At Grid 254 With 
Different Density Of Mangrove 
 
 
 
 
 
 
 
 
 
 
Percentage of reduction, caused by placing 
a mangrove is as follow: 
 
Table 8 Percentage Of Water Level Reduction 
As Result Of Mangrove Belt  
 
 
 
 
 
 
 
 
 
 
Effect of mangrove belt in reducing the run up 
show in table 9. And at table 10, show the 
percentage of run up reduced as result of 
mangrove belt occurrence.  
 
 
Table 9 Reducing Of Run Up As Result Of 
Mangrove Belt 
 
 
 
 
 
 
 
 
 
 
Table 10 Percentage Of Run Up Reduced As 
Result Of Mangrove Belt 
 
 
 
 
 
 
 
 
 
 
 
4. DISCUSSION 
 
  From table 7 to 10, we can see that with 
placing mangrove belt, gradually both the 
maximum water level and run up is reduced with 
width of mangrove belt is 128 meters.  
 The density of mangrove tree is varies from 
5344 trees in one hectare up to 2 tree in one 
square meter.  
From simulation result, the maximum water 
level at zero level during tsunami is reduced 
from 19.40% to 28.57%.  For run up, the 
reducing percentage ranged from 15.25% to 
22.04% 
 Mangrove belt with 128 m wide and density 
one tree per square meter seems to be effective 
in reducing the tsunami run up in area with 
gentle sloop such as 1:200.  
 
5. CONCLUSION 
 Mangrove belt can be used as a 
barrier in reducing the tsunami effect by reducing 
the height of tsunami when entering the 
landward and reduce the run up. The density of 
mangrove forest gives the significant factor in 
reducing the water level during tsunami. Wider 
mangrove belt will give a significant value in 
reducing the height of tsunami, especially in area 
with gentle slope. 
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